In 2001, the Institute of Medicine released "Crossing the Quality Chasm: A New Health System for the 21st Century," 1 highlighting the gap between current health care knowledge and the ability to translate this knowledge into practice. The report states that "the importance of appropriately preparing the workforce for the changes in health care delivery that will be necessitated … cannot be underestimated."
Today, 45% of people in the United States suffer from a chronic disease, 2 which equates to over 130 million children and adults nationwide. Nearly 50% of these people are affected by multiple chronic diseases, such as heart disease, asthma, and diabetes. 3 The incidence of chronic disease is also increasing in children (e.g., prematurity, cerebral palsy). 4 Factors such as fragmented care systems, health disparities, and lifelong complex disease management have led to accelerating health care expenses. 5 Today, chronic disease care accounts for 78% of total health care spending, 6 and this is only projected to increase without health care delivery, policy, and education reform. 7, 8 Chronic care can be broadly defined as the management, prevention, coordination, and integration of care for those with chronic disease. 9 With the Affordable Care Act, more people than ever before will have health insurance coverage in the United States, resulting in a growing number of people receiving chronic disease care. Adding patients will increase the burden on the current delivery system, making the status quo unsustainable. 1 Fortunately, models to improve chronic care delivery have shown many areas of success in patient care. [10] [11] [12] [13] [14] [15] [16] Across the health care system, Wagner's 17,18 chronic care model (CCM) for redesigning primary care delivery is a dominant, evidence-based strategy to improve care for patients with chronic disease. 19, 20 Although the fundamental relationship in the CCM is between the "prepared, proactive, practice team" and the "informed, activated patient," the model also recognizes the importance of community and the organization of health care as crucial components of care. The implementation and effectiveness of the CCM have been studied in over 100 health care organizations. 9 And yet, the majority of health care professional training programs do not educate learners about these evidence-based models, nor have these models been systematically evaluated regarding their importance in preparing the health care workforce for chronic disease management. Nearly 15 years after the release of "Crossing the Quality Chasm," medical educators continue to search for state-of-the-art, high-quality, and effective strategies to train health care professionals about chronic care delivery.
Abstract
Purpose To systematically review the evidence for high-quality and effective educational strategies to train health care professionals across the education continuum on chronic disease care.
Method
A search of English-language publications and conference proceedings was performed in November 2013 and updated in April 2014. Studies that evaluated a newly developed curriculum targeting chronic disease care with learner outcomes were included. Two primary reviewers and one adjudicating reviewer evaluated the studies and assessed their quality using the validated Medical Education Research Study Quality Instrument (MERSQI). Studies were also mapped onto elements of Wagner's chronic care model (CCM) to evaluate their use of established evidence-based models for chronic care delivery. Miller's classification of clinical competence was used to assess the quality of learner achievements for each educational intervention.
Results
A total of 672 articles were found for this review. Twenty-two met criteria for data extraction. The majority of studies were of moderate quality according to MERSQI scoring. Only three studies reported both learner and patient outcomes. The highest-quality studies incorporated more elements of Wagner's CCM and showed high-level learner competence according to Miller's classification. Successful interventions redesigned health care delivery systems to include team-based care, emphasized training of health care professionals on patient self-management, and included learnerbased quality improvement initiatives.
Conclusions
The growing number of children and adults with chronic disease necessitates improved educational interventions for health care professionals that involve evidence-based models for restructuring chronic care delivery, aim for highlevel learner behavioral outcomes, and evolve through quality improvement initiatives.
Improving chronic care delivery is fundamental to enhancing care quality while curtailing costs. 8 Many health care professionals recognize the need for system change and are focusing their efforts on quality improvement measures in their own practices. 21, 22 Improving care quality and lowering cost will require medical educators to think more deeply about educational strategies to train health care providers to fill the current gaps in chronic care delivery and enhance patient self-management skills. Evaluations 13 performed at academic training institutions and with community health care providers have shown potential areas for improvement in health care professionals' education regarding chronic care delivery. To date, there has been no synthesis of the current state-ofthe-art in educational strategies to train health care professionals about chronic disease care. 3,23-33
The objective of this study was to conduct a systematic review of the medical, nursing, and pharmacy literature for evidence of state-of-the-art, high-quality, and effective strategies for training health care professionals across the education continuum on chronic care. We aimed to evaluate (1) what evidence-based best practices for chronic care education exist in the medical, nursing, and pharmacy literature; and (2) what strategies are most useful to educators.
Method

Literature search and data sources
In November 2013, we conducted a systematic review of English-language journal articles that describe and evaluate a new educational intervention targeting chronic care in health care professionals' education. This search was updated in April 2014. To be considered a new educational intervention, study authors had to indicate that the educational intervention was new to their institution. We used accepted guidelines for conducting the literature search, study selection, quality assessment, and analysis. 34 
Study selection and eligibility criteria
Selected articles were generated independently by two authors (J.B. and C.R.) through electronic and hand searches based on preset inclusion and exclusion criteria. Articles were included if they were published in English and studied new curricular interventions pertaining to chronic care. Included articles had a learner-centered educational outcome of attitudes, knowledge, and/or behaviors. Learners included medical, nursing, social work, and pharmacy trainees throughout the education continuum. Articles were excluded if they (1) were commentaries, perspectives, and/or editorials; (2) solely focused on patient education; (3) were exclusively dedicated to palliative care curricula (well studied in another published review) 37 ; (4) dealt only with mental illness (too broad for the scope of this review); (5) reported learner satisfaction with the curriculum as the only outcome; (6) did not describe results and how they were affected by the intervention; and/or (7) presented only qualitative results.
Quality assessment and data extraction
In the initial review phase, two of the authors (J.F.B. and C.E.R.) conducted independent evaluations of the titles, abstracts, and full texts of all studies according to the established exclusion and inclusion criteria. Interrater agreement was achieved through two mechanisms. The first involved the primary reviewers (J.F.B. and C.E.R.) meeting to further discuss and analyze the studies. If consensus was not achieved, then studies were reviewed secondarily by an adjudicating senior medical education expert reviewer who made the final determination (S.B.).
All articles included in the final review underwent evaluation and data extraction independently by two reviewers (J.F.B. and C.E.R.) using the Medical Education Research Study Quality Instrument (MERSQI), a validated 10-item tool designed to evaluate the quality of educational interventions. The MERSQI evaluates the strength of articles on the basis of (1) study design, (2) sampling, (3) type of data collected, (4) validity of evaluation instrument, (5) data analysis, and (6) outcomes measured. The minimum possible MERSQI score is 4.5 points; each category has a total possible score of 3 for a maximum of 18 points for the highest-quality study. This instrument was chosen because it was designed specifically to evaluate medical education research and has been used in other systematic reviews on medical education topics. 38 The instrument is available through its original publication and was used with the author's permission for this study. 39 Data extraction was performed independently and in duplicate by the two primary reviewers (J.F.B. and C.E.R.) and was standardized prior to independent rating. If an article cited an outcome measurement tool from another publication, then this publication was also evaluated by the reviewers (J.F.B., C.E.R., and S.B.). Any articles using outcome measures that had not been previously validated, but had been used in a previously published study, were given one point for content validity. After the primary reviewers (J.F.B. and C.E.R.) performed the initial data extraction and scoring, disputes were settled by an adjudicating reviewer (S.B.) who independently evaluated the articles. All included studies were then grouped into three categories of quality based on previous systematic reviews using the MERSQI. 38 MERSQI scores 4.5 to 8.5 were considered low quality, 9.0 to 13.0 were moderate, and 13.5 to 18 were high.
To assess training quality according to evidence-based models for chronic care delivery, included articles also underwent evaluation using Wagner's CCM. 9,17 This model was chosen because it focuses on the patient-provider relationship and addresses the entire health care delivery system (in contrast to other successful chronic disease self-management programs, which emphasize patient education and/or a specific disease). 40 The CCM is a framework that identifies the key elements of health care system design for high-quality chronic care. There are six elements in this framework: the community, the health system, selfmanagement support, delivery system design, decision support, and clinical information systems. Each study's curriculum was mapped onto these six elements to determine which elements were receiving the most educational emphasis. Studies incorporating multiple elements of the model were mapped accordingly. Studies that solely taught medical knowledge facts were put in the decision support element of the model. Included studies were also evaluated according to Miller's 41 classification of clinical competence, which provides a framework for conceptualizing learner accomplishments as they progress from knowing (level 1), to knowing how (level 2), to showing how (level 3), to actually doing (level 4) learned behaviors. Each study in this review was assessed according to Miller's classification to show the level of learner achievement expected in the educational intervention.
The primary reviewers (J.F.B. and C.E.R.) also completed a data extraction form to specify the following characteristics of each included study: (1) learner population; (2) patient population and age; (3) curricular format, time intensity, and focus; (4) design, outcomes measured, and evaluation instrument; and (5) main outcome (Appendix 1). These five table components were chosen on the basis of previous systematic reviews in medical education. 37, 38, 42, 43 A senior author (L.M.S.) reviewed the data extraction form prior to its use, and minor adjustments were made.
Results
A total of 672 articles were found using the established search criteria for this review. In total, 520 (77.4%) articles were excluded in the title/abstract phase of the review. Of the remaining 152 (22.6%) articles, 19 (12.5%) were duplicates, leaving 133 (87.5%) articles for full-text review. An ancestry search revealed 1 additional article requiring full-text review. Of the final 134 articles that underwent full-text review, 22 (16.4%) articles met the criteria for data extraction and final analysis. The final 22 articles are shown in Appendix 1. Most often, articles were excluded because they did not report learner outcomes in relation to the curricula, only reported learner satisfaction, or were background or opinion pieces. The search flow diagram is shown in Figure 1 .
Quality and characteristics of selected studies
Of the 22 included articles, 7 (31.8%) rated low, 12 (54.6%) moderate, and 3 (13.6%) high in study quality based on MERSQI scoring. The 3 highestquality studies were by Lausen et al, 63 Janson et al, 64 and Stevens et al. 65 Articles were predominately single-institution (N = 21; 95.4%) studies, often using a single-group pre-and posttest study design (N = 10; 45.4%). Eight studies (36.4%) used a single-group posttest-only study design. Four studies (18.2%) were nonrandomized, two-group studies, and none were randomized controlled trials. Fifteen of the studies (68.2%) included undergraduate medical education learners, 6 (27.3%) graduate medical education learners, 4 (18.2%) pharmacy students, and 2 (9.1%) social work students. Three studies (13.6%) included teams of learners from multiple disciplines. Only 1 study (4.5%) focused on continuing medical education learners, practicing nurses, practicing pharmacists, and/or advanced practice nurses. The majority of studies had multiple learner outcomes and used learner self-report (N = 20; 90.9%) for their assessment. To measure behaviors, studies used performance on an objective structured clinical examination or clinical performance exam. In general, the majority of studies measured learner attitudes (N = 17; 77.2%) and/ or knowledge/skills (N = 8; 36.4%). Only 3 studies (13.6%) addressed learner behaviors, and 2 studies (9.1%) measured patient outcomes.
Multiple modalities were used to teach about chronic care, including didactics (N = 14; 63.6%), reflective exercises (N = 9; 40.9%), and clinical rotations (N = 8; 36.4%). Six studies (27.3%) involved working with interprofessional teams, and 4 (18.2%) included a home visit. Other modalities included small-group teaching, longitudinal relationships with patients, role-playing, writing/portfolio development, e-mail/ electronic communication, book club, and video documentary. Of the 3 highest-quality studies, 2 (66.7%) involved interprofessional learning, and all 3 (100%) specifically taught about evidence-based models of chronic care delivery. In the highest-quality studies, care delivery was redesigned to include team-based patient care-emphasizing training to health care professionals on patient self-management and learnerbased quality improvement initiatives.
The highest-quality study, 65 based on both MERSQI and CCM elements, reported results from a multi-institution, intensive, interactive educational intervention and showed large pre-post curriculum changes in learner participation in reviewing a patient registry (+48.1% change in average from baseline), setting self-management goals with patients (+33.8%), conducting planned visits (+40.3%), managing clinical questions (+68.1%), and being part of a quality improvement cycle (+63.8%). However, the intervention showed no impact on learners participating in quality improvement teams (−0.3%).
Mapping on the CCM
As shown in Figure 2 , the elements of the CCM found most commonly in included studies involved training on resources and policies (N = 10 studies; 45.5%) and selfmanagement support (N = 10; 45.5%). Training on delivery system design (N = 7; 31.8%), decision support (N = 4; 18.2%), the health system (N = 3; 13.6%), and clinical information systems (N = 2; 9.1%) occurred less often. Three studies (13.6%) incorporated two elements of the CCM into their curriculum. Very few studies incorporated three elements (N = 2; 9.1%), four elements (N = 1; 4.5%), or five elements (N = 1; 4.5%) of the CCM.
Mapping on the education model
Mapping learner accomplishments according to Miller's classification system revealed generally low-level clinical competence outcomes. Thirteen studies (59.1%) exclusively focused their training on the learner gaining knowledge (level 1), and five studies (22.7%) had learners demonstrate their knowledge (level 2). Two studies (9.1%) included assessment of the learner actively showing what he/she had learned (level 3). Only two studies (9.1%) measured learner participation with actual patients (level 4).
Study triangulation
There was a clear association between MERSQI score and use of an increasing number of elements from the CCM. Of the highest-quality studies, all 3 (100%) incorporated training on at least three elements of the CCM. We assigned the overall highest MERSQI scores of 16 out of 18 points to 2 studies that used at least four elements of the CCM. 64, 65 Only 2 of 12 moderate-quality studies (16.7%) and 2 of 7 low-quality studies (28.5%) used two or more elements from the CCM.
Similarly, high-quality studies incorporating more elements of the CCM also demonstrated higher levels of clinical competence according to Miller's classification. For example, all seven of the low-quality studies exclusively assessed learners' knowledge (level 1). The two studies that assessed learner behavior (level 4) also received the highest MERSQI score awarded of 16. Evidence of concrete changes in learner behavior included the improved ability to address patient self-management needs and track the learner's own quality of chronic care delivery.
Discussion
To our knowledge, this systematic review is the first to synthesize the current state-of-the-art regarding the quality and effectiveness of educational interventions to train health care professionals about chronic care. The majority of studies in this review were of moderate quality (N = 12; 54.5%) and targeted undergraduate medical education learners. Characteristics such as learner baseline training, learner engagement, and intervention fidelity were problematic for many of the studies included in this review and led to difficulties in study standardization. Often, studies did not report sufficient information about the curriculum, its objectives, and its implementation to allow for dissemination at other institutions. Many of the training experiences were unique to a single institution, such as a particular clinic or site visit, making them difficult to replicate. Costs and necessary resources for curricular implementation were also not addressed. Furthermore, selfreported learner outcomes were only measured in the short term, limiting their generalizability. Because only two studies measured patient outcomes along with learner outcomes, it is difficult to infer a meaningful impact on the quality of patient care derived from these educational interventions as a whole. Showing this relationship requires a well-reasoned framework linking training experiences to patient outcomes and should be required for rigorous evaluations of medical education interventions. 66, 67 Most studies included in this review lacked a theoretical framework, limiting their ability to address confounding variables (e.g., disease status improving over time). Clarifying the specific attitudes, knowledge, and behaviors required for high-quality chronic care delivery and demonstrating their relationship to improved patient outcomes remains an important area for development in education research in the future. Furthermore, articles that can contribute results from multicenter studies and that link educational interventions to patient outcomes can better inform educational practice. This is particularly important in the setting of chronic care where health care professionals form long-term relationships with their patients.
Despite these challenges, many of the studies in this review detected that the educational intervention made a meaningful difference for their learners. It appeared that behaviors were most successfully changed when learners could track, reflect, and improve on their own progress as part of a learnerbased quality improvement initiative. Specifically, best educational practices included redesigning the health care delivery system to facilitate patient care through the creation of disease registries and learner participation in monitoring according to clinical practice guidelines. Furthermore, training health care professionals to incorporate patient self-management practices, such as reviewing patients' own disease-tracking records in clinic, helped improve learner education and patient care. This was often accomplished by working in interprofessional teams and having predetermined plans with learners to focus on improving care over time. Common features of educational impact from the three highest-quality studies included learner self-report of participation in decision support, delivery system design, and establishing patientprovider shared self-management goals. Across varied clinical and educational settings, this systematic review suggests that the most efficacious educational interventions are likely to incorporate learner reflection, decision support, delivery system design, and shared selfmanagement goals.
Limitations
There are several limitations to this review. The education literature is limited by reporting and publication bias. There likely are many curricula targeting chronic care education that have not been rigorously evaluated but that may be extremely valuable to learners. It is also possible that pertinent articles that should have been included in this review were not identified during the comprehensive review process. This review also exclusively considered English-language publications with quantitative outcomes, which may also have limited this study's evaluation of relevant educational interventions. 57 Desguin 45 Lausen et al 63 LoFaso et al 46 Mullen et al 47 Nieman & Cheng 60 O'Connell et al 52 Schreier et al 48 Shapiro et al 49 Waddell & Davidson 44 (N = 10)
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Janson et al 64 Lausen et al 63 Rogers et al 61 clinical competence and using learnerbased quality improvement initiatives in their programs. Key aspects of successful educational interventions support redesigning health care delivery systems to focus on team-based care, training health care professionals to partner with patients to improve their self-management, and encouraging learner-based quality improvement initiatives.
Gaps remain in educational research regarding program consistency, execution, and outcome evaluation. In particular, more explicit determination of the association between educational outcomes and patient outcomes remains an important challenge. Also, the lack of rigorous evidence for these curricular approaches underscores the need for future scholarship around education in chronic disease care. This review serves as a platform to encourage medical educators across disciplines to take on the important task of furthering education on chronic care to improve patient care in the 21st century.
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